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Summary. Antagonistic substances produced by a Bacillus subtilis strain (AG1), which were previously found to slow down 
the growth of esca fungi in vitro, were produced in an artifi cial medium, isolated from the cell-free medium by precipitation 
and acidifi cation (to less than pH 2.5) and extracted from the precipitate with 96% ethanol. The crude extract employed in 
antibiotic assays confi rmed, in vitro, the antagonism of B. subtilis against Phaeoacremonium aleophilum and Phaeomoniella 
chlamydospora, and also showed antifungal activity toward Verticillium dahliae and Botryosphaeria rhodina. 
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Grapevine trunk diseases cause considerable 
losses in the wine industry worldwide. Symptoms 
of wood diseases are dead spurs, arms, cordons and 
sometimes entire vines, due to the wood colonization 
by various wood pathogens (Larignon et al., 1997; 
Mugnai et al., 1999; Fischer et al., 2003; Wood et 
al., 2005; Surico et al., 2006; Van Niekerk et al., 
2006; Bonfi glioli et al., 2007; Zanzotto et al., 2007; 
Burruano et al., 2008). 
Since there is no direct control of these diseases, 
new ways must be found to control them.
Recent investigations on esca in Sicilian vine-
yards found that the genus Bacillus occurred in 
grapevine wood tissue. A spore-producing Gram-
positive bacterium isolated from black dots on 
grapevine wood, named AG1, was identifi ed as 
Bacillus subtilis subsp. subtilis, on the basis of 
a partial 16S rRNA sequence comparison. This 
species has a well know activity as an antagonist 
of many plant pathogens, including the agents of 
grapevine trunk diseases (Ferreira et al., 1991; 
Romero et al., 2007; Leelasuphakul et al., 2008). 
Moreover, in direct and indirect assays, this strain 
was antagonistic against the well-known trache-
omycotic pathogens of grapevine such as the main 
agent of esca of grapevine, Phaeoacremonium 
aleophilum and Phaeomoniella chlamydospora 
(Alfonzo et al., 2008).
As part of a program aimed at confi rming and 
elucidating the mechanism of the antagonism, 
the AG1 crude metabolite extract was also tested 
against some other pathogenic fungi of grapevine. 
The bacterial strain used was originally iso-
lated on malt agar (MA), and maintained on the 
same medium at 4°C. The antibiotic substance(s) 
produced by B. subtilis were extracted according 
to the method of McKeen et al. (1986), with some 
modifi cation. 
Bacterial cultures were plated out on MA and 
incubated at 28°C for 1 day. Loopfuls of the bacte-
rial colony were streaked in tubes containing po-
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tato-dextrose agar (PDA) and incubated for 24 h at 
28°C. After 1 day a loopful of the colonies obtained 
was suspended in a peptone water solution (0.1% 
w:v), vortexed and inoculated in fl asks containing 
an antibiotic production medium composed of 20 g 
l-1 malt extract broth (MEB), with pH adjusted to 
6.0–6.2 with 5 N NaOH. The medium was dispensed 
to 300 ml Erlenmeyer fl asks (100 ml per fl ask) and 
autoclaved at 120°C for 20 min. 
The inoculated fl asks were incubated on a shaker 
at 170 rpm and 28°C for 3 days and then the medium 
was centrifuged for 20 min at 16,500 g to remove 
the cells. To inactivate the B. subtilis spores, the 
supernatant was sonicated at 20 KhZ for 300 seconds 
and the antibiotics were precipitated, adjusting the 
pH to 2.5 with concentrated HCl. This material was 
centrifuged for 10 min at 16,500 g and the pellet 
containing the active fraction was extracted three 
times with 96% ethanol. The ethanol extract was 
dried under vacuum at 45°C in a rotary evaporator. 
Inactive substances were removed by sequential 
extraction with ethyl acetate and acetone according 
to the method of McKeen. The resulting residue 
containing the active substances was dissolved in 
96% ethanol, designated  as crude metabolite extract 
(CMe), and stored in capped bottles at 4°C. 
The antagonistic activity of B. subtilis CMe was 
assayed against the following grapevine pathogens: 
P. aleophilum, P. chlamydospora, V. dahliae and B. 
rhodina. All isolates were previously grown on MA 
at 28°C.
The agar diffusion technique of Villani et al. 
(1995), with slight modifi cations, was employed to 
quantify the bio-activity of CMe against the phy-
topathogenic strains.
After sporulation, the spores of each pathogen 
were harvested in a peptone water solution (0.1% w:
v) to give a concentration of approximately 106–107 
spores ml-1. Aliquots (0.1 ml) of each  suspension 
were spread in 60 mm Petri dishes (one aliquot per 
dish) and overlaid with 10 ml of MA. After solidifi ca-
tion, wells (Ø 6 mm) were bored in the MA plates.
To detect the inhibition zone, 50 μl of twofold se-
rial dilutions of CMe were pipetted into the wells and 
incubated at the optimal growth temperatures of each 
pathogen (28°C for P. aleophilum, P. chlamydospora, 
and B. rhodina; 25°C for V. dahliae) for seven days. 
The titre of the CMe in Arbitrary Units (AU) ml-1 was 
expressed as the reciprocal of the highest dilution 
indicating a defi nite zone of inhibition (>1mm).
In order to evaluate the stability of CMe, en-
zymatic and thermal tests were carried out. CMe 
was treated with the following enzymes (all from 
Sigma Chemical Co, Brooklyn, NY, USA), dissolved 
in distilled water at a concentration of 1 mg ml-1: 
trypsin (pH 8.1), pepsin (pH 1.5), pronase (pH 7.5), 
a-chymotrypsin (pH 7.5), papain (pH 6.5), a-amy-
lase (pH 6.1) and proteinase K (pH 8.5). The pH of 
distilled water was adjusted (by NaOH or HCl) to 
the pH indicated for the optimum activity of each 
enzyme. Antifungal metabolites (1 mg ml-1) were 
added to the enzyme solutions and incubated for 2 
h at various temperatures, depending on the type of 
enzyme (37°C for trypsin, pepsin, a-chymotrypsin, 
a-amylase and proteinase K; 40°C for pronase; 65°C 
for papain; Munimbazi et al., 1998). The controls 
consisted of CMe without enzymes, and only enzyme 
solutions, without CMe.
The residual activity of CMe was evaluated by 
the agar diffusion technique mentioned above, using 
colonies of P. chlamydospora.
The effect of temperature on metabolite activity 
was tested in a range of 4–120°C (4, 20, 40, 60, 80, 
100, 120°C) for 20 min and the remaining activity 
was assayed using the technique on P. chlamy-
dospora as described above. 
The techniques of production and extraction 
of the antibiotic substance(s), used in the study 
yielded about 150 mg l-1 of crude metabolite extract 
of B. subtilis. 
The antagonistic assays indicated that metabo-
lites of AG1 inhibited mycelial growth (AU ml-1) of 
all the pathogens tested (Fig. 1). B. rhodina was the 
most sensitive to CMe, followed in order by V. dahl-
iae, P. chlamydospora and P. aleophilum (Table 1). 
The enzymatic and thermal tests carried out 
to elucidate the chemical nature of the active 
compounds of CMe showed that it was stable at 
high temperature (60–120°C; Fig. 2) and resistant 
to enzymatic degradation, which are well known 
features of polypeptide antibiotics produced by 
Bacillus spp. (Romero et al., 2007; Leelasuphakul 
et al., 2008).
Studies to characterise the crude extract chemi-
cally and to identify the molecules involved in 
bioactivity are in progress. 
The determination of the antagonistic mecha-
nism and of the toxicity of the secondary metabo-
lites of AG1 will enable this strain to be employed 
in low-impact defensive strategies.
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Fig. 1. Antifungal effect of crude metabolite extract (CMe) from Bacillus subtilis AG1 on: a, Botryosphaeria rhodina; 
b, Verticillium dahliae; c, Phaeomoniella chlamydospora, and d, Phaeoacremonium aleophilum.
Table 1. Indicator strains and their sensitivity to crude metabolite extract as determined by the critical dilution assay. 
Fig. 2. Stable activity of crude metabolite extract (CMe) against Phaeomoniella chlamydospora at various tempera-
tures. Note the resistance to high temperatures (60–120°C). 
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